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Description 

FIELD OF THE INVENTION 

[0001] This invention relates generally to an improved 
column for use in liquid chromatography applications, 
and relates more particularly to a column well-suited for 
applications involving relatively high pressures and/or 
requiring biocompatibility. 

BACKGROUND OF THE INVENTION 

[0002] Liquid chromatography (LC) is a well-known 
lechnique for separating the constituent elements in a 
given sample. In a conventional LC system, a liquid sol- 
vent (referred to as the "mobile phase") is introduced 
from a reservoir and is pumped through the LC system. 
The mobile phase exits the pump under pressure. The 
mobile phase then travels via tubing to a sample injec- 
tion valve. As the name suggests, the sample injection 
valve allows an operator to inject a sample into the LC 
system, where the sample will be carried along with the 
mobile phase. 

[0003] The next most significant element in the LC 
system is the column. A typical column usually consists 
of a piece of steel tubing which has been packed with a 
"packing" material. The "packing" consists of the partic- 
ulate material "packed" inside the column. It usually con- 
sists of silica- or polymer-based particles, which are of- 
ten chemically bonded with a chemical functionality. 
When the sample is carried through the column (along 
with the mobile phase), the various components (sol- 
utes) in the sample migrate through the packing within 
the column at different rates (i.e., there is differential mi- 
gration of the solutes). In other words, the various com- 
ponents in a sample will move through the column at 
different rates. Because of the different rates of move- 
ment, the components gradually separate as they move 
through the column. Differential migration is affected by 
factors such as the composition of the mobile phase, the 
composition of the stationary phase (i.e., the material 
with which the column is "packed"), and the temperature 
at which the separation takes place. Thus, such factors 
will influence the separation of the sample's various 
components. A more detailed description of the separa- 
tion process can be found, among other places, in Chap- 
ters 2 and 5 of introduction to Modern Liquid Chroma- 
tography (2d ed. 1979) by L. R. Snyder and J. J. Kirk- 
land, which chapters are incorporated by reference 
herein. 

[0004] Once the sample (with its components now 
separated) leaves the column, it flows with the mobile 
phase past a detector. The detector detects the pres- 
ence of specific molecules or compounds. As discussed 
in Chapter 4 of Introduction to Modern Liquid Chroma- 
tography , which chapter is incorporated by reference 
herein, two general types of detectors are used in LC 
applications. One type measures a change in some 



overall physical property of the mobile phase and the 
sample (such as their refractive index). The other type 
measures only some property of the sample (such as 
the absorption of ultraviolet radiation). In essence, a typ- 

5 ical detector in an LC system can measure and provide 
an output in terms of mass per unit of volume (such as 
grams per milliliter) or mass per unit of time (such as 
grams per second) of the sample's components. From 
such an output signal, a "chromatogram" can be provid- 

io ed; the chromatogram can then be used by an operator 
to determine the chemical components present in the 
sample. 

[0005] In addition to the above components, an LC 
system will often include filters, check valves, or the like 

T5 in order to prevent contamination of the sample or dam- 
age to the LC system. It will be understood to those 
skilled in the art that, as used herein, the term "LC sys- 
tem" is intended in its broad sense to include all appa- 
ratus used in connection with liquid chromatography, 

20 whether made of only a few simple components or made 
of numerous, sophisticated components which are com- 
puter controlled or the like. 

[0006] Many different types of LC systems and com- 
ponents for LC systems are commercially available from 

25 a number of vendors. For example, Millipore Corpora- 
tion of Milford, Massachusetts, Beckman Instruments of 
Fullerton, California, and Hewlett-Packard Co. of Palo 
Alto, California, all sell LC systems, including pumps, 
sample injection valves, columns, and detectors, among 

30 other things. In addition, various columns with various 
packings are commercially available from a variety of 
sources, including (among others) Baxter Healthcare 
Corporation of Deerfield, Illinois, Supelcoot Bellafonte, 
Pennsylvania, and'Ailtech Associates, Inc., also of 

35 Deerfield, Illinois. 

[0007] Today, most LC systems include pumps which 
can generate relatively high pressures of up to around 
6,000 psi. In many situations, an operator can obtain 
successful results by operating an LC system at "low" 
pressures of anywhere from just a few psi or so up to 
1 ,000 psi or so. More often than not, however, an oper- 
ator will find it desirable to operate an LC system at rel- 
atively "higher" pressures of over 1 ,000 psi. The opera- 
tion and use of LC systems at such "higher" pressure 

45 levels is often referred to as "high pressure liquid chro- 
matography" or "high performance liquid chromatogra- 
phy" (HPLC). 

[0008] In order to be suitable for HPLC applications, 
a column must be made to withstand the typical operat- 

50 ing pressures of the LC system. If the column is too 
weak, it may burst and thereby leak. Given the types of 
solvents that are sometimes used as the mobile phase 
and the expense of obtaining and/or preparing many 
samples for use, any such failure of a column is a seri- 

ss ous concern. Even though the required pressures for 
many HPLC applications may be only several thousand 
psi or so during operation, the "packing" of a column, 
however, may involve pressures of about 10,000 to 
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15,000 psi. Besides being able to withstand such pres- 
sures, the column must be made of a material which can 
withstand the chemical action of the mobile phase; i.e., 
the ideal column is chemically inert to the mobile phase 
used. In addition, the column needs to be durable so 5 
that it has a commercially useful life span. 
[0009] Given such concerns, conventional columns 
typically consist of a stainless steel tube which had 
stainless steel end fittings attached at each end. Often, 
such columns were "packed" with appropriate materials io 
to achieve the chemical separation required of the col- 
umn. A detailed discussion of end fittings, and column 
end fittings in particular, can be found in Chapter VII of 
the booklet HPLC Fittings (2d ed. 1992) by Paul Up- 
church, which chapter is incorporated by reference T5 
herein. Typical column end fittings must hold to operat- 
ing pressures of up to 6,000 psi or so. Because such 
columns are typically "packed" at pressures ot up to 
10,000 to 15,000 psi or so, such end fittings must be 
able to withstand such higher pressures as well. Hence, 20 
such column end fittings usually have been machined 
from stainless steel. The end fittings also must be suit- 
able for connecting the column to the tubing used in the 
LC system to connect the various elements of the LC 
system with one another. - 25 

[001 0] The inside diameter of the column must be pol- 
ished in order to eliminate the possible adverse effects, 
a rough inside wall may have on the separation process. 
It has been suggested that the smoothness of the inside 
wall of the column influences the homogeneity of the 30 
packing. Hence, a smoother surface finish on the col- 
umn's inside surface results in a better level of perform- • 
ance from the column. Accordingly, most conventional 
columns typically consist of a stainless steel column with 
a highly polished inside diameter surface finish. Al- 35 
though such a polished finish is important, it requires 
additional manufacturing steps and can be expensive to 
obtain. 

[0011] More recently, it has been realized that the use 
of stainless steel columns (as well as stainless steel tub- 40 
ing and other steel components in an LC system) have 
potential drawbacks in situations involving biological 
samples. For example, the components in a sample 
may attach themselves to the wail of a stainless stee! 
column. This presents problems because the detector's 45 
measurements (and thus the chromalogram) of a given 
sample may not accurately reflect the sample if some of 
the sample's ions remain in the column and do not pass 
the detector. Perhaps of even greater concern, however, 
is the fact that ions from the stainless steel column may so 
detach from the column and flow past the detector, thus 
leading to potentially erroneous results. Hence, there is 
a need for a "biocompatible" column; i.e., a column 
made of a material which is chemically inert with respect 
to such "biological" samples and the mobile phase used 55 
with such samples so that ions will not be released by 
the column and thus contaminate the sample. 
[0012] To avoid such biocompatibility problems, glass 
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lined columns which have an exterior made of stainless 
steel are known. Because such columns are prone to 
breakage, a great deal of care in the manufacture, trans- 
portation, handling, and use of such columns is re- 
quired. Moreover, it has been observed that the use of 
such glass-lined columns at high pressures is not ap- 
propriate. Columns using extruded rods or tubing made 
of the polymer polyetheretherketone (PEEK) withmold- 
ed or machined PEEK column end fittings are also 
known, but because of their lack of strength, such col- 
umns are typically limited to applications using fairly low 
pressures (i.e., pressures of not more than 200 psi or 
• so), although some columns with larger walls have been 
claimed to work at up to 2,000 psi or so. Columns made 
of the polymer PEEK are also known, but such columns 
are machined from large diameter PEEK rods. In order 
to produce such PEEK columns in this way, the PEEK 
tube must first be machined and then its inside diameter 
must be polished. This approach thus involves addition- 
al manufacturing steps which add additional costs. Also, 
the surface finish obtained in such columns, while ac- 
ceptable for many LC applications, is often unaccepta- 
ble for applications where high levels of performance 
are required of the column. Moreover, to hold to the high 
pressures at which many columns are packed and at 
which some LC systems operate, such PEEK columns 
must be made with a very thick wall. 
[001 3] Another conventional column includes a PEEK 
rod surrounded by an aluminum jacket. However, the 
use of PEEK rods still requires the extra manufacturing 
costs and therefore added time and expense. In addi- 
tion, the surface finish obtained via such an approach 
may not be acceptable for LC applications requiring high 
performance by the column. Such columns also require 
the use of specialized, metallic end fittings which can 
handle the higher pressures but which require the use 
of additional polymeric pieces to ensure biocompatibili- 
ty. The use of such additional pieces results in a higher 
chance that a connection between some of the pieces 
will leak or fail, an obviously undesirable result. Such 
additional pieces and joints also may decrease the du- 
rability of such columns. 

[0014] DE-A-41 12258 describes a liquid chromatog- 
raphy column which comprises a metal tube and a bio- 
compatible tube positioned in the metal tube. 
[0015] It is an object of the present invention to pro- 
vide a biocompatible column which can be used in rel- 
atively high pressure LC applications and which has suf- 
ficient strength for use in relatively high pressure LC ap- 
plications. 

[0016] It is another object of the present invention to 
provide a biocompatible column which is not fragile and 
which does not require excessive manufacturing steps 
of costs. 

[0017] According to the present invention there is pro- 
vided a liquid chromatography column which comprises: 
an outer metal tube having an inside surface and having 
first and second ends; and a biocompatible inner tube 
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having a passageway therethrough and having first and 
second ends, wherein at least a portion ol said inner 
tube is located within said outer metal tube, character- 
ised in that portions of the first and second ends of said 
inner tube extend beyond the first and second ends, re- 
spectively, of said outer tube, wherein said portions of 
said inner tube have an outside diameter greater than 
the inside diameter of said metal tube. 
[0018] One embodiment of the present invention is 
implemented as a metal tube to provide an outer column 
jacket, within which the body of a biocompatible, poly- 
meric tube is located. The polymeric inner tube is mold- 
ed in place relative to the outer tube so that it forms col- 
umn end fittings extending beyond the two open ends 
of the outer tube of the column. Hence, the inner tube 
and the two end fittings are unitary. The two end fittings 
have an outside diameter greater than the inside diam- 
eter of the metal tube, thus preventing the separation of 
the inner tube from the outer tube. Such an arrangement 
proves advantageous because the outer metal tube pro- 
vides sufficient strength to allow the column to operate 
at relatively high pressures. At the same time, however, 
the polymeric inner tube and end fittings provide only 
chemically inert surfaces and thus provide biocompati- 
bility. As a whole, such a column can operate at the rel- 
atively higher pressures associated with metal columns, 
yet provide the biocompatibilrty associated with poly- 
meric materials. In an alternative embodiment of the 
present invention, the inner tube may have shoulders 
which extend beyond the open ends of the outer tube, 
with biocompatible couplings removably attached to 
threads provided on the outer surface of the metal tube. 
[0019] The invention will be described now by way of 
example only, with particular reference to the accompa- 
nying drawings. In the drawings: 
[0020] Fig. 1 is a block diagram of a LC system. 
[0021] Fig. 2 is a cross-sectional view of a column in 
accordance with the present invention. 
[0022] Fig. 3 is a cross-sectional view of a column in 
accordance with the present invention to which frits, a 
guard column, and fittings have been attached. 
[0023] Fig. 4 is an end view of a guard column for use 
with a column in accordance with the present invention. 
[0024] Fig. 5 is a cross-sectional view taken along line 
5-5 of the guard column. 

[0025] Fig. 6 is a cross-sectional view of an alternative 
embodiment of the column in accordance with the 
present invention. 

[0026] Fig. 7 is an end view of a coupling used in con- 
nection with the column in accordance with an alterna- 
tive embodiment present invention. 
[0027] Fig. 8 is a cross-sectional viewtaken along fine 
8-8 of the coupling. 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] In Fig. 1 , a block diagram of the essential ele- 
ments of an LC system which includes a column 15 in 
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accordance with the present invention is provided. A 
reservoir 1 contains a solvent or mobile phase 2. Tubing 
3 connects the mobile phase 2 in the reservoir 1 to a 
pump 5. The pump 5 is connected to a sample injection 

5 valve 10 which, in turn, is connected via tubing to a first 
end of a column 15. The second end of the column 15 
is then connected via tubing to a detector 17. After pass- 
ing through the detector 17, the mobile phase 2and the 
sample injected via injection valve 10 are expended into 

io a second reservoir 18, which contains the chemical 
waste 19. As noted above, the sample injection valve 
10 is used to inject a sample of a material to be studied 
into the LC system. The mobile phase 2 flows through 
the tubing 3 which is used to connect the various ele- 

75 ments of the LC system together. 

[0029] When the sample is injected via sample injec- 
tion valve 10 in the LC system, the sample is carried by 
the mobile phase through the tubing into the column 1 5. 
As is well known in the art, the column 15 contains a 

20 packing material which acts to separate the constituent 
elements of the sample. After exiting the column 1 5, the 
sample (as separated via the column 1 5) then is carried 
to and enters a detector 1 7, which detects the presence 
or absence of various chemicals. The information ob- 

25 tained by the detector 1 7 can then be stored and used 
by an operator of the LC system to determine the con- 
stituent elements of the sample injected into the LC sys- 
tem. 

[0030] Referring now to Fig. 2, a cross-sectional view 

30 of a column 1 5 in accordance with the present invention 
is shown. The column 15 consists of an outer tube 25 
surrounding an inner tube 30. As shown in Fig. 2, the 
inner tube 30 has a passageway 35 extending along the 
longitudinally axis therethrough. Column 15 also in- 

35 eludes end fittings 31 and 32 at its first and second ends. 
As seen in Fig. 2, the end fittings 31 and 32, together 
with the inner tube 30, comprise a unitary piece. The 
end fittings 31 and 32 extend beyond the first and sec- 
ond ends of the outer tube 25, respectively. Because the 

^o outer diameter of at least a portion of each of the end 
fittings 31 and 32 exceeds the inside diameter of the out- 
er tube 25, the unitary piece comprising the inner tube 
30 and the end fittings 31 and 32 cannot be pulled 
through and hence separated from the outer tube 25. In 

45 short, the end fittings 31 and 32 prevent the inner tube 
30 and the outer lube 25 from longitudinally moving 
more than a short distance relative to one another. Each 
of the end fittings 31 and 32 has a threaded counterbore 
36. The threads 34 in the threaded counterbores 36 are 

50 provided in order to allow fittings and/or a guard column 
(shown in Fig. 3) to be removably attached to the column 
15. Ka-itf- -rv.:- 

[0031] The outer tube 25 can be made of almost any 
metal. For best results, we prefer to use a seamless an- 

55 odized aluminum tube, although steel, copper, brass 
and other metals may be used. The metallic outer tube 
25 provides support and strength to the column 15, 
thereby ensuring that the column 1 5 can be used i n high 
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pressure liquid chromatography applications and can be 
packed with a packing material at pressures of up to 
10,000 to 15,000 psi. In operation, the passageway 35 
of the column 15 is filled with any one of a number of 
packing materials (not shown). It will be apparent to 
those skilled in the art how the passageway 35 can be 
packed with appropriate packing materials. By ensuring 
that the passageway 35 through the column 15 can be 
packed at pressures of up to 1 0,000 to 1 5,000 psi or so, 
it can be seen that the column 15 can be used in oper- 
ation in an LC system at relatively high operating pres- 
sures of 3,000 to 5,000 psi or so. 
[0032] At the first and second ends of the column 15 
are column end fittings 31 and 32, respectively. As 
shown in Fig. 2, column end fittings 31 and 32 are con- 
tiguous with the inner tube 30. We prefer to have the 
column end fittings 31 and 32, together with the inner 
tube 30, comprise a single polymeric piece. This can be 
accomplished through an appropriate manufacturing 
process in which the inner tube 30 and the column end 
fittings 31 and 32 are molded in place within the outer 
tube 25, thereby forming a unitary polymeric piece which 
provides a column 15 which has an outer tube 25, an 
inner tube 30, and also column end fittings 31 and 32. 
The unitary innertube 30 and end fittings 31 and 32 pro- 
vide the advantage of using less pieces than conven- 
tional columns, thus resulting in less joints and therefore 
less chance of having the pieces separate (which could 
result in leakage or additional dead volumes) or of leak- 
age. In addition, this approach eliminates the manufac- 
turing steps involving the assembly of the various piec- 
es. It also allows us to obtain a smoother surface finish 
on the inside surface of the inner tube 30 at a lower cost 
than is obtained via conventional machining of rods 
made of the polymer PEEK. For example, the inside sur- 
face of the inner tube 30 of the column 1 5 of the present 
invention can easily have a surface finish with a root 
mean square (rms) value of about 8 micro-inches or bet- 
ter, as opposed to conventional columns which have a 
surface finish of about 32 micro-inches only after exten- 
sive machining operations. 

[0033] As shown in Fig. 2, located within the outer 
tube 25 and adjacent to and in contact with the surface 
of the inside diameter of outer tube 25 is the outside 
diameter of the inner tube 30. Preferably, the inner tube 
30 is made of the synthetic polymer polyetheretherke- 
tone, which is commercially available under the trade- 
mark "PEEK" from ICI Americas. 

[0034] The polymer PEEK has the advantage of pro- 
viding a high degree of chemical inertness and therefore 
biocompatibility; it is chemically inert to most of the com- 
mon solvents used in LC applications, such as acetone, 
acetonitrile, and methanol (to name a few). At the same 
time, an inner, tube 30 made of PEEK which is "rein- 
forced" by a metallic outer tube 25 is capable of with- 
standing the high pressures of 10,000 to 15,000 psi at 
which the column 15 is to be packed. PEEK also can be 
machined by standard machining techniques to provide 



smooth threads 34 or the like. As noted above, the inside 
surface of the inner tube 30 must be highly polished so 
as to reduce the potential adverse consequences of 
having a rough inside surface of column 15. Generally, 
s a very smooth surface of the inside diameter of inner 
tube 30 can be obtained via the molding process used 
to form the inner tube 30. Molding the inner tube 30 
makes it easier and cheaper to obtain a smoother sur- 
face. This approach also eliminates the steps of drilling 
io through a PEEK rod and then polishing the inner surface 
of the hole drilled. 

[0035] For best results, we prefer to use an innertube 
30 which is made primarily of the polymer PEEK and 
which is 5% by weight filled with glass, fiberglass, orcar- 
15 bon strands or fibers. Additional or lesser amounts of 
glass or fiberglass fillers could be used with PEEK to 
make the inner tube 30. Although we prefer to use the 
polymer PEEK for best results, it will be obvious to those 
skilled in the art that other chemically inert synthetic poU 
20 ymerics, such as polytetrafluoroethylene (which is sold 
by DuPont under the trademark "TEFLON") or chlo- 
rotetrafluoroethylene (which is sold by 3M under the 
trademark "KEL-F") or the polymer sold under the trade- 
mark VESPEL, can be used to form the inner tube 30. 
25 [0036] Although the polymer PEEK is substantially 
chemically inert with respect to most solvents used as 
, the mobile base for LC applications, there are a few sol- 
vents which may cause PEEK to swell. Such solvents 
include dimethylsulfoxide, methylene chloride, and tet- 
30 rahydrofuran. In addition to its other advantages, the 
use of the metallic outer tube 25 helps prevent and con- 
trol the swelling which may be caused by the use of such 
solvents. 

[0037] In situations where only relatively lower pres- 
35 sures are likely to be used, a column 15 with an inner 
tube 30 made of the synthetic polymer sold under the 
trademark TEFZEL may be more appropriate. For ex- 
ample, if an operator wants to use concentrated nitric 
acid or sulfuric acid as the mobiJe phase, a column 15 
40 with an inner tube 30 made of PEEK is not appropriate 
due to the reaction of PEEK to concentrated nitric acid 
and sulfuric acid. 

[0038] With reference to Fig. 2, it can be seen that the 
outer surface of the innertube 30 is adjacent to andcon- 
45 tacts the inner surface of the metallic outer tube 25. In 
the preferred embodiment, the outer surface of the inner 
tube 30 is molded so that it is attached to the inner sur- 
face of the outer tube 25. in the molding process, the 
inner surface of the outer tube 25 serves as part of the 
so mold which shapes the inner tube 30. Attaching the in- 
ner surface of the outer tube 25 and the outer surface 
of the inner tube 30 prevents the jnner tube 30 and outer 
tube 25 from moving either radially or longitudinally rel- 
ative to one another. Of course, the outer surface of the 
55 inner tube 30 need not be attached to the inner surface 
of the outer tube 25. The end fittings 31 and 32 which 
extend beyond the open ends of the outer tube 25 pre- 
vent anything morethan a relatively modest amount of 
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longitudinal movement between inner tube 30 and outer 
tube 25 relative to one another. Hence, the end fittings 
31 and 32 secure the body of the inner tube 30 within 
the outer tube 25 and prevent the outer tube 25 from 
being removed from the inner tube 30. 
[0039] Now referring to Fig. 3, the column 1 5 is shown 
in a cross -sectional view as assembled with frits 40a and 
40b, a guard column assembly 46 (which includes frits 
42 and 43) and fittings 50a and 50b. Porous disks (or 
frits) 40a, 40b, 42, and 43, respectively are used for fil- 
tering the mobile phase and the sample as they move 
through an LC system. The frits 40a, 40b, 42, and 43 
can be of a type which is commonly known and com- 
mercially available from Upchurch Scientific, Inc., of 
Oak Harbor, Washington. Frits 40a, 40b, 42, and 43 may 
be made of materials such as titanium or sintered PEEK. 
For best results, we prefer to use biocompatible frits 
40a, 40b, 42, and 43 made of the polymer ultra-high mo- 
lecular weight polyethylene. 

[0040] As shown in Fig. 3, a guard column 46 is re- 
movably screwed into the threaded counterbore of end 
fitting 31 . Many LC systems include a guard column to 
"guard" the main column from the introduction of un- 
wanted sample components that might irreversibly bind 
to the packing in the main column. Preferably, the guard 
column 46 has a relatively small volume in its passage- 
way 45 (as compared to the volume of the passageway 

35 of the column 1 5) and is easy to remove from the LC 
system and/or replace. In Fig. 3, the guard column 46 
has a frit 42 located therein. The frit 42 is preferably lo- 
cated so that, when the guard column 46 is securely at- 
tached to the column 15, one of the circular faces of the 
frit 42 is adjacent to the frit 40a. 

[0041] The guard column 46 (and the frit 42) can be 
of any type of those which are commercially available, 
such as those which are available from Upchurch Sci- 
entific, Inc., of Oak Harbor, Washington. (The guard col- 
umn 46 is discussed in more detail below.) Similarly, the 
fittings 50a and 50b can be of a type commonly known, 
such as those which are available from Upchurch Sci- 
entific, Inc. As shown in Fig. 3, the fittings 50a and 50b 
have been attached to the guard column 46 and the end 
fitting 32, respectively, by screwing the fittings 50a and 
50b into the threaded counterbores ot the guard column 
46 and the end fitting 32, respectively. 
[0042] Now referring to Figs. 4 and 5, the guard col- 
umn 46 is shown in additional detail. The guard column 
46 has several fins 43, which extend outwardly from the 
center of the guard column 46. The fins 43 allow an op- 
erator to easily grip and turn the guard column 46, thus 
allowing the operator to either screw or unscrew the 
guard column 46 into or out of the threaded counterbore 

36 of the end fitting 31 (the guard column 46 is shown 
as secured in the end fitting 31 in Fig. 3). 

[0043] In Fig. 5, it can be seen that the guard column 
46 has at one end a threaded counterbore 44. The coun- 
terbore 44 is designed and threaded so that a threaded 
fitting 50a can be removably secured therein (as is 



shown in Fig. 3). As is well known in the art, the fitting 
50a can be used to secure one end of a hollow tube (not 
shown) to the column assembly. The threaded counter- 
bore 44 is in fluid communication with a passageway 45, 

5 which extends from the "bottom" of the threaded coun- 
terbore 44 through the rest of the body of the guard col- 
umn 46 up to the seal 47a. The seat 47a is designed to 
snugly fit and hold the frit 42 (discussed below), *ln op- 
eration, the passageway 45 of the guard column 46 is 

to filled with an appropriate packing material (not shown). 
It will be apparent to those skilled in the art how the pas- 
sageway 45 can be packed with an appropriate packing 
material. 

[0044] Still referring to Fig. 5, the guard column 46 has 
T5 a threaded end 48. The threaded end 48 is designed 
and threaded so that ft can be removably secured to the 
threaded counterbore 34 of either of the end fittings 31 
or 32 of the column 15. The threaded end 48 can be 
screwed into the counterbore 34 to secure the guard col- 
20 umn 46 to the end fitting 31 or can be unscrewed from 
the counterbore 34 to detach the guard column 4-6 from 
the end fitting 31. 

[0045] For best results, we prefer to use a biocompat- 
ible guard column 46 which is made of a mixture of the 
25. polymer polyetheretherketone ("PEEK") and is about 
30% by weight filled with glass or fiberglass strands or 
fibers. Of course, greater or lesser amounts of glass, 
fiberglass, or carbon could be used to make the body ol 
guard column 46. Similarly, materials other than glass 
30 or fiberglass could be used. As noted above, a suitable 
biocompatible guard column 46 can be obtained from 
Upchurch Scientific, Inc., of Oak Harbor, Washington. 
[0046] At the second end of the guard column 46 is a 
seat 47a, as shown in Fig. 5. The seat 47a is designed 
35 so that it will hold the frit 42 in place when the guard 
column 46 is secured to the end fitting 31 (as is shown 
in Fig. 3). For best results, we prefer to use a biocom- 
patible guard column 46, including a biocompatible frit 
42, such as those which are commercially available from 
to Upchurch Scientific, Inc.. 

[0047] Now referring to Fig. 6, an alternative embod- 
iment of the invention is shown. In Fig. 6, the column 1 5' 
has an inner tube 30'. The inner tube 30' has shoulders 
62a and 62b which extend beyond the first and second 
45 ends, respectively, of the outer tube 25'. For best results, 
we prefer that the outside diameter of the shoulders 62a 
and 62b be no greater than the minimum outside diam- 
eter of the outer tube 25', which exists at the very ends 
of the outer tube 25' (i.e., beyond the threads at each 
50 end). As shown in Fig. 6, this size is preferred because 
it allows the couplings 60a and 60b to be attached to the 
column 15' around the shoulders 62a and 62b. At the 
same time, however, the shoulders 62a and 62b have 
an outside diameter greater than the inside diameter of 
55 the outer tube 25'. Hence, the shoulders 62a and 62b 
secure the body of the inner tube 30* within the outer 
tube 25' by preventing more than a modest amount of 
longitudinal movement by the inner tube 30' relative to 
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the outer tube 25'. An L-shaped gap 70 exists between 
the shoulders 62a and 62b and the first and second ends 
of the outer tube 25'. These gaps 70 are provided be- 
cause the polymeric material used to form the inner tube 
30' shrinks as it cools, Hence, the gaps 70 are left from 
the molding process used to mold the inner tube 30'. 
[0048] Still referring to Fig. 6, the outside surface of 
the inner tube 30* is adjacent to and contacts the inside 
surface of the outer tube 25'. The inner tube 30' need 
not be attached to the outer tube 25'. Instead, the outer 
surface of the inner tube 30 1 between the shoulders 62a 
and 62b may be located within and not attached to the 
inside surface of the outer tube 25'. As noted above, the 
shoulders 62a and 62b secure the body of the inner tube 
30' within the outer tube 25'. We prefer to use an outer 
tube 25' made of anodized aluminum, together with an 
inner tube 30' made of the polymer PEEK. The inner 
tube 30' has a passageway 35 which extends there- 
through. As discussed above, the passageway 35 pro- 
vides an appropriate location for the packing material 
(not shown). 

[0049] Referring now to Figs. 7 and 8, the coupling 
60a is shown. Preferably, couplings 60a and 60b are es- 
sentially the same and are freely interchangeable with 
one another. Hence, the following discussion of coupling 
60a generally applies to coupling 60b as well. An end 
view of the coupling 60a is provided in Fig. 7. Fins 61 
extend around the outer surface of the coupling 60a. 
These make it easier for the operator to grip and turn 
the coupling 60a, thereby allowing an operator to easily 
screw the coupling 60a onto the column 15' (as shown 
in Fig. 6) or to unscrew and detach the coupling 60a from 
the column 1 5'. 

[0050] In Fig. 8, first and second threaded counter- 
bores 63 and 65, respectively, are shown. The first coun- 
terbore 63 is designed and threaded so that it mates with 
one of the threaded ends of the column 15' (as shown 
in Fig. 6). This allows the coupling 60a to be removably 
secured to the column 15' by screwing them together 
(as shown in Fig. 6). The second threaded counterbore 
65 is designed and threaded so that rt can mate with the 
threaded end of either a fitting 50b (as shown in Fig. 6 
for coupling 60b) or a guard column 46 (as shown in Fig. 
6 for coupling 60a). 

[0051] For best results, we prefer to use a biocompat- 
ible coupling 60a which is made of a mixture of the syn- 
thetic polymer PEEK and is about 30% by weight filled 
with carbon fibers. Of course, greater or lesser amounts 
of carbon fibers may be used and, instead of carbon fib- 
ers, other fillers such as glass or fiberglass strands or 
fibers may be used. Such a biocompatible coupling 60a 
thus ensures that the coupling 60a, as well as the col- 
umn 15*. will present only chemically inert surfaces 
which can come into contact with the mobile phase and 
sample. 



EXAMPLE 

[0052] The following describes only one possible spe- 
cific embodiment of my invention, and is not to be con- 

5 sidered as limiting the scope of the claims. Referring 
back to Fig. 3, an appropriate column 15 can be de- 
scribed as follows: The length of the column 15 (i.e., the 
length of the packed bed which is located in the pas- 
sageway 35) is 15 cm (not including end fittings 31 and 

to 32). The diameter of the passageway 35 in the column 
1 5' is 2 mm. The outer tube 25 is made of anodized alu- 
minum and the inner tube 30 is made of the polymer 
PEEK, which is commercially available from ICI Ameri- 
cas. In addition, the column 15 is packed with one of a 

is variety of well-known packing materials, such as any 
one of the following: C-18, C-8, or silicon. 
[0053] While the present invention has been shown 
and described in its preferred embodiment and in certain 
specific alternative embodiments, those skilled in the art 

20 will recognize from the loregoing discussion that various 
changes, modifications, and variations may be made 
thereto without departing from the spirit and scope of 
the invention as set forth in the claims. Hence, the em- 
bodiments and specific forms, materials, and the ii ke are 

25 merely illustrative and do not limit the scope of the in- 
vention or the claims herein. 



Claims 

30 

1. A liquid chromatography column which comprises: 
an outer metal tube (25) having an inside surface 
and having first and second ends; and a biocompat- 
ible inner tube (30) having a passageway there- 

35 through and having first and second ends, wherein 
at least a portion of said inner tube (30) is located 
within said outer metal tube, characterised in that 
portions of the first and second ends (31 , 32) of said 
inner tube extend beyond the first and second ends, 

40 respectively, of said outer tube, wherein said por- 
tions of said inner tube have an outside diameter 
greater than the inside diameter of said metal tube. 

2. A liquid chromatography column according to claim 
45 i t wherein the portions of said inner tube (30) ex- 
tending beyond the first and second ends of said 
outer tube (25) comprise first and second end fit- 
tings (31 , 32). 

50 3. A liquid chromatography column according to claim 
1, wherein the portions ol said inner tube (30) ex- 
tending beyond the first and second ends of said 
outer tube further comprise: 

55 a first biocompatible end fitting (50a) which ex- 

tends beyond the first end of said outer tube 
(25); and 

a second biocompatible end fitting (50b) which 
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4. 



6. 



10. 



11. 



12. 
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extends beyond the second end of said outer 
tube, wherein said first and second end fittings 
(50a, 50b) and said inner tube (30) comprise a 
unitary piece.. 

s 

A liquid chromatography column according to claim 
1 further comprising: 

a first biocompatible coupling member (60a); 
and io 
a second biocompatible coupling member 
(60b), wherein the first end of said outer tube 
(25') is removably secured in said first coupling 
member (60a) and wherein the second end of 
said outer tube (25') is removably secured to 
said second coupling member (60b). 

A liquid chromatography column according to claim 
4, wherein the portions of said inner tube (30') ex- 
tending beyond the first and second ends of said 
outer tube (25') comprise first and second shoulders 
(62a, 62b), respectively, which secure at least a por- 
tion of said inner tube within said outer tube. 

A liquid chromatography column according to claim 
1, wherein said inner tube (30) comprises po- 
letheretherketone. 

A liquid chromatography cofumn according to claim 
1, wherein said metal outer tube (25) comprises 
stainless steel. 

A liquid chromatography column according to claim 
1 , wherein said metal outer tube (25) comprises alu- 
minum. 

A liquid chromatography column according to claim 
6, wherein said inner tube (30) further comprises 
glass fibers. 

A liquid chromatography column according to claim 

1, further comprising a frit (42) removably held 
against at least one end of said inner tube (30). 

A liquid chromatography column according to claim *s 

2, further comprising a biocompatible guard column 
(46) removably secured to one of said end fittings. 

A liquid chromatography column according to claim 
2, wherein said outer metal tube and said biocom- so 
patible inner tube are cylindrical. 
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14. A liquid chromatography column according to claim 
1 or claim 1 2, wherein at least a portion of the out- 
side surface of said inner tube (30) is attached to at 
least a portion of the inside surface of said outer 
tube. 

15. A liquid chromatography column according to claim 
1 or claim 12, further comprising a packing material 
within the passageway of said inner tube. 

1 6. A liquid chromatography system comprising a pump 
(5), sample injection means (10) for introducing a 
sample into said liquid chromatography system, 
with said sample injection means (10) connected to 
said pump (5), a liquid chromatography column (15) 
according to any preceding claim in fluid communi- 
cation with said sample injection means, a first end 
of said column being in fluid communication with 
said sample injection means (10), and detection 
means (17) for detecting the presence of selected 
components of the sample, wherein said detection 
means (17) is connected with a second end of said 
column (15). 



Patentanspruche 

1 . Flussigkeitschromatographiesaule mit einem auGe- 
ren Metallrohr (25) mit einer inneren Oberflache 
und einem ersten und einem zweiten Ende; einem 
biokompatiblen Innenrohr (30) mit einem dadurch 
hindurchgehenden Durchgang und einem ersten 
und einem zweiten Ende, wobei sich mindeslens 
ein Teif des Innenrohrs (30) im aufteren Metallrohr 
befindet, dadurch gekennzeichnet, daft Teile des 
ersten und des zweiten Endes (31, 32) des Innen- 
rohrs sich uber das erste bzw zweite Ende des au- 
Beren Rohrs hinaus erstrecken, wobei diese Teile 
des Innenrohrs einen AuBendurchmesser aufwei- 
sen. der grower als der Innendurchmesser des Me- 
tallrohrs ist. 



2. 



Flussigkeitschromatographiesaule nach Anspruch 
1 , bei der die Teile des Innenrohrs (30), die sich uber 
das erste bzw. zweite Ende desauBeren Rohrs (25) 
hinaus erstrecken, als erstes bzw. zweites Endan- 
schluBstuck (31, 32) ausgebildet sind. 



13. A liquid chromatography column according to claim 
12, wherein each of said first and second end fit- 
tings has a counterbore, and further comprising first 
and second frits (40a, 40b) located in the counter- 
bores of the first and second end fittings (31, 32), 
respectively. 



3. Flussigkeitschromatographiesaule nach Anspruch 
1, beiderdie Teile des Innenrohrs (30), die sich uber 
das erste bzw. zweite Ende des aufteren Rohrs (25) 
hinaus erstrecken, ferner . . .. . 

ein erstes biokompatibles EndanschluGstuck 
(50a), das sich uber das erste Ende des auBe- 
ren Rohrs (25) hinaus erstreckt; und 
ein zweites biokompatibles EndanschluGstuck 
(50b), das sich uber das zweite Ende des au- 
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Geren Rohrs erstreckt, 

enthalten, wobei das erste und das zweite An- 
schluGstuck (50a, 50b) und das Innenrohr (30) ein- 
stuckig ausgebildet sind. 

4. FIGssigkeitschromatographiesaule nach Anspruch 
1, ferner enlhaltend: 

ein erstes biokompatibles Kopplungsglied 
(60a) und 

ein zweites biokompatibles Kopplungsglied 
(60b), wobei das erste Ende des auGeren 
Rohrs (25') am ersten Kopplungsglied (60a) 
losbarangebracht ist und das zweite Ende des 
auGeren Rohrs (25') am zweiten Kopplungs- 
glied (60b) losbarangebracht ist. 

5. Flussigkeitschromalographiesaule nach Anspruch 
4, bei der die Teile des innenrohrs (30'), die sich 
Ober das erste und das zweite Ende des auGeren 
Rohrs (25') hinaus erstrecken, ais erste bzw. zweite 
Schulter (62a, 62b) ausgebildet sind, durch die min- 
destens ein Teil des Innenrohrs im auGeren Rohr 
gesichert ist. 

6. Flussigkeitschromatographiesaule nach Anspruch 
1 , bei der das I nnenrohr (30) aus Polyetheretherke- 
ton besteht. 

7. FIGssigkeitschromatographiesaule nach Anspruch 
1 , bei der das auGere Metallrohr (25) aus rostf reiem 
Stahl besteht. 

8. Flussigkeitschromatographiesaule nach Anspruch 
1 , bei der das auGere Metallrohr (25) aus Aluminium 
besteht. 



9. 



Flussigkeitschromatographiesaule nach Anspruch 
6, bei der das Innenrohr (30) auGerdem auch noch 
Glasfasern enthalt. 



EndanschluGstOck jeweils eine zylindrische Sen- 
kung aufweisen und ferner eine in den zylindrischen 
Senkungen des ersten bzw. zweiten EndanschluG- 
stucks (31 , 32) angeordnete erste bzw. zweite Fritte 
5 (40a, 40b) enthalten. 

14. Flussigkeitschromatographiesaule nach Anspruch 
1 Oder 12, bei der mindestens ein Teil der AuGen- 
flache des Innenrohrs (30) an mindestens einem 

to Teil der inneren Oberflache des AuGenrohrs befe- 
stigt ist. 

15. Flussigkeitschromatographiesaule nach Anspruch 
1 oder 12, die ferner im Durchgang des Innenrohrs 

is ein Fullmaterial enthalt. 



16. Flussigkeitschromatographiesystem mit einer 
Pumpe (5), einem Probenaufgeber (10) zur Ein- 
speisung einer Probe in das Flusigkeitschromato- 
graphiesystem, wobei der Probenaufgeber (10) mit 
der Pumpe (5) verbunden ist, einer mit dem Pro- 
benaufgeber in Stromungsverbindung stehenden 
Flussigkeitschromatographiesaule (15) nach einem 
der vorhergehenden Anspruche, wobei ein erstes 
Ende der Saule mit dem Probenaufgeber (10) in 
Stromungsverbindung steht, und einem Detektor 
(17) zur Detektion der Anwesenheit von ausgewahl- 
ten Komponenten der Probe, wobei der Detektor 
(17) mit einem zweiten Ende der Saule (1 5) verbun- 
den ist. 
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10. Flussigkeitschromatographie saule nach Anspruch 

1, ferner enthaltend eine Fritte (42), die losbar an 
mindestens einem Ende des Innenrohrs (30) gehal- 45 
ten wird. 

11. Flussigkeitschromatographiesaule nach Anspruch 

2, ferner enthaltend eine biokompatible Vorsaule 
(46), die an einem der EndanschluGstucke losbar so 
angebracht ist. 

12. Flussigkeitschromatographiesaule nach Anspruch 
2, bei der das auGere Metallrohr und das biokom- 
patible Innenrohr zylindrisch sind. 5s 

13. Flussigkeitschromatographiesaule nach Anspruch 
12, bei der das erste und das zweite 



Revendications 

1 . Colonne de chromatographie liquids qui com prend: 
un tube metallique exterieur (25) ayant une surface 
interieure et des premiere et seconds extremites; 
et un tube interieur biocompatible (30) traverse par 
un passage et ayant des premiere et seconde ex- 
tremites, au moins une partie dudit tube interieur 
(30) etant situee a I'interieur dudit tube metallique 
exterieur, caracterisee en ce que des parties des 
premiere et seconde extremites (31, 32) dudit tube 
interieur se prolongent respectivement au-dela des 
premiere et seconde extremites dudit tube exte- 
rieur, lesdites parties dudit lube interieur ayant un 
diametre exterieur superieur au diametre interieur 
dudit tube metallique. 

2, Colonne de chromatographie liquide selon la reven- 
dication 1, dans laquelle les parlies dudit tube inte- 
rieur (30) se profongeant au-de!a des premiere et 
seconde extremites dudit tube exterieur (25) com- 
prennent des premier et second raccords d'extre- 
mite (31, 32). 

3. Colonne de chromatographie liquide selon la reven- 
dication 1, dans laquelle les parties dudit tube inte- 
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rieur (30) se prolongeant au-dela des premiere et 
seconde extremites dudit tube exterieur compren- 
nent, en outre: 

un premier raccord d'extremite biocompatible 
(50a) qui se prolonge au-dela de la premiere 
extremite dudit tube exterieur (25); et 
un second raccord d'extremite biocompatible 
(50b) qui se prolonge au-dela de la seconde ex- 
tremite dudit tube exterieur, lesdits premier et 
second raccords d'extremite (50a, 50b) et ledit 
tube interieur (30) etant constitues d'une seule 
piece. 

4. Colonne de chromatographie liquide selon la reven- 
dication 1 , comprenant en outre: 

un premier element de couplage biocompatible 
(60a); et 

un second element de couplage biocompatible 
(60b), 

dans laquelle la premiere extremite dudit tube 
exterieur (25') est attachee de facon amovible 
audit premier element de couplage (60a) et 
dans laquelle la seconde extremite dudit tube 
exterieur (25') est attachee de facon amovible 
audit second element de couplage (60b). 

5. Colonne de chromatographie liquide selon la reven- 
dication 4, dans laquelle les parties dudit tube inte- 
rieur (30') qui se prolongent au-dela des premiere 
et seconde extremites dudit tube exterieur (25') 
comprennent des premier et second epaulements 
(62a, 62b), respectivement, qui fixent au moins une 
partie dudit tube interieur a I'interieur dudit tube ex- 
terieur. 

6. Colonne de chromatographie liquide selon la reven- 
dication 1, dans laquelle ledit tube interieur (30) 
comprend de la po!y£therethercetone. 

7. Colonne de chromatographie liquide selon la reven- 
dication 1 , dans laquelle ledit tube metaliique exte- 
rieur (25) comprend de i'acier inoxydable. 

8. Colonne de chromatographie liquide selon la reven- 
dication 1, dans laquelle ledit tube metaliique exte- 
rieur (25) comprend de I'aluminium. 

9. Colonne de chromatographie liquide selon la reven- 
dication 6, dans laquelle ledit tube interieur (30) 
comprend en outre des fibres de verre. 

1 0. Colonne de chromatographie liquide selon la reven- 
dication 1, comprenant en outre un frittage (42) 
maintenu de facon amovible contre une extremite 
au moins dudit tube interieur (30). 
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1 1 . Colonne de chromatographie liquide selon la reven- 
dication 2, comprenant en outre une colonne de 
garde biocompatible (46) attachee de facon amovi- 
ble a Tun desdits raccords d'extremite. 

5 

12. Colonne de chromatographie liquide selon la reven- 
dication 2, dans laquelle ledit tube metaliique exte- 
rieur et ledit tube interieur biocompatible sont cylin- 
driques. 

TO 

13. Colonne de chromatographie liquide selon la reven- 
dication 12, dans laquelle chacun desdits premier 
et second raccords d'extremite est muni d'une 
noyure et comprenant en outre des premier et se- 

J5 cond frittages (40a, 40b) situes dans les noyures 
des premier et second raccords d'extremite (31 , 32) 
respectivement. 

14. Colonne de chromatographie liquide selon la reven- 
20 dication 1 ou la revendication 12, dans laquelle au 

moins une partie de la surface externe dudit tube 
interieur (30) est fixee a au moins une partie de la 
surface interne dudit tube exterieur. 

25 1 5. Colonne de chromatographie liquide selon la reven- 
dication 1 ou la revendication 12, comprenant en 
outre unmateriaude garnissage a I'interieur du pas- 
sage dudit tube interieur. 

30 16. Systeme de chromatographie liquide comprenant 
une pompe (5), un moyen d'injection d'echantillon 
(10) servant a introduire un echantillon dans ledit 
systeme de chromatographie liquide, ledit rnoyen 
d'injection d'echantillon (10) etant raccorde a ladite 

35 pompe (5), une colonne de chromatographie liquide 
(1 5) selon Tune quelconque des revendications pre- 
cedentes, en communication de fluide avec ledit 
moyen d'injection d'echantillon, une premiere extre- 
mite de ladite colonne etant en communication de 

40 fluide avec ledit moyen d'injection d'echantillon 
(10), et un moyen de detection (17) servant a de- 
tecter la presence de constituants choisis de 
I'echantilion, ledit moyen de detection (17) etant 
raccorde a une seconde extremite de ladite colonne 

45 (15). 
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Liquid chromatography column of reinforced construction • has a 
metal outer tube aod a biocompatible Inner tube with enlarged 
Integral end portions which encompass the ends of the outer tube 
(Eng) 

UPCHURCH SCI INC 93.08. X4 93US-0S2402 
AS9 J04 (A26) (94.11.17) G01N 30/60 
94,08.09 94EP.30S314 R(DE FR GB) 

Ldq. chromatography column has an inner tube ( 30 ) of 
biocompatible material reinforced by an outer metal tube (25). 
Portions (31) of the Inner tube extend beyond the outer tube, and 
have an outsldu dla greater than the Inside diameter of the outer 
tube. These enlarged portions provide Integral end fittings for the 
column. 

USE • In liquid chromatography systems operating at relatively 
high pressure and requiring blocompatlbtlity. 

ADVANTAGE - The column is more easily and cheaply made 
than conventional high pressure columns, and can operate reliably 
at pressures of around 3000-5000 psl. It requires fewer connecting 
pieces, and Is therefore less prone to leakage. Tube (30) is formed by 
moulding, and the surface finish of its bore Is superior to that of 
conventional columns, (Hpp Dwg.No.3/8) 
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